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(57)Abstract: 

PURPOSE: To provide a method of manufacture of a micro 
tip for use in a tunneling current detection device, a micro- 
force detection device and a scanning tunneling microscope, 
etc. 

CONSTITUTION: A recessed portion 3 is formed by crystal 
orientation anisotropic etching in a first substrate 1 made of 
single crystal silicon and then a peeling layer 4 and a film of 
micro tip material which is precious metal or alloy are formed 
and a second substrate 6 is joined to the micro tip material 5 
and is peeled by the peeling layer to form a micro tip on the 
second substrate 6. The first substrate having the recessed 
portion formed therein can thereby be used repeatedly as the 
female die of the micro tip, resulting in the enhancement of 
productivity and reduction in the manufacturing cost. 
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(b) miaiHfflS:^tf»-s«±fciyiiiH*jgric-r*x 
a 

(c) WBIHI«t*tr«l*JI±lC»/h^>f y^*r»«:» 
tfcTSXg 

(d) WEIH«*$tr*JJttH±o«/h7 L ^ 

(e) ffilBiM«*t*-S«, *^ttme««»<2:«/h 
£*>±E (a) - (e) Olg^t^Ci^ 

[«f*9l3] ME*-*«KJMS»**S/BK IS a 
Ifig^tfcx *y 5 1 >^-eiH«*»J«"r Z. £ 
«*aiXli2lclB*o|/hr-f y^ott&arifc. 

B^tJSCtSWaiTSII** 1 - 3 ^fft*ic 
E«<0«>h5V 7 7^liJfi, 
[ 1**31 5 ] §t*iH l ~ 4 >^Tn^(cE«c^»/h5=->r 

* 7° (d mmjj ffi k: «fc o stis b z t * mx t. r & 
4 y y\ 

( b ) »Eia***tr#ii»a6«±K:«/hT-^ y y°um 

( c ) MEGflffl£*»«'J^>r y ^fUiKiJEm*^* 

( d ) su E^ses* ft * »ft«is*ttx y > y-eipx 

5>fc<<fcfcJiE (a) ~ (d) ^X^^:^rT^Ci:^# 

ho 

^a*«W"r**n^«, METY7^ti*t^sn 

CO M fcmm & EPimT £ ^ **fflfT £ C £ & W* £ T Z> 



(2) ■ #i?6 - 8 4 4 5 5 
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^aS:«iJffl|-r**JWI^a, flftEr-* ^7 o ifB^S#:i:C0 

So 

[!**JS10] iWEWEffllD^ft*** /W*«JEBJin 

fCtt^TS t>OT*5 £ & £4#@i:T£Ilt *^SX 8 9 

^ [M2&K1 3] fflrEESaffd^a^tU-ai*** 
t*ciS*itrsil*«9K:E«©i«»IKl. 

'[»*« i 4 ] mmzmmfccDrnm & 

CO 0 0 1 ] 

JO [0 0 0 2 ] •£*>\Z&mm\*s iS/D-^yh^ 
[0 0 0 3] 

[^*cos«] T&mz&^x, m#<D3mm*-<Dn¥m 
jfifti([»««T#4**aih>*;u««« (KT, st 

MtBt) *«BI5SStl (G. Binning et a 
1. , Phys. Rev. Lett. 49 (1982) 

57) % *s b b b , m^^m^-rm^mm^mLK^^ 

ic^^ 7 7°^Stac^(:i: OH^fBlco^M^ifi^iS 

co^® \zm < Bf&znfzmmmcoffimffitiriz b&m $ n 
5^? wtt^o Htc. ±m!<t)*m, ^mtm^mm^m^i 
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»fpfc?i«T*s&»sTM<Dj[£ieHa:*ffl**««pan 

[0 0 0 4] WAH COSTM^fffi^ffl^T, 

<£>«SSi¥ffi* IRlMflnX (E. E. Ehrichs, Pr 
oceedings of 4th Internat 
ional Conference on Scann 
ing Tunneling Microscopy/ 
Spectroscopy, ' 89, S 13-3) , R 

[0 0 0 5] fc^Tfc* n>lfj.— ^ — ©frJMMR^B* 

[0006] zn^(D^^mrz^mmx\ mm&t 

[0 0 0 7 ] CCOffiii^^^StCffi^btl^STMyD 

— Zf (IEEE Micro Electric Me 
chanical Systems, pp. 188—1 
9 9, Feb. 1 9 9 0) &$>Z> 0 CMK#^)7th 

T*> U 3 ft*: HJ P8B± tc«ffi iEE*ftO 

«8fclft»JH<oa/J^-f y^KOM, ftjpftSTM* 
[ 0 0 0 8] ±gB»/h^>< 7^1 HTF, ^^"-y- 
ap¥g*«/ha^c:^:**S**n«K!:raWp(c, ES, PI3e 

[0 0 0 9] tie*, ±E<OJ:'5a»/hT L -f VftoftlSdS 
E«3nt^5 (#i?3 - 1 3 5 7 0 2^iiffi) . C 



(3) ttR?6-8 4 4 5 5 
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*ttXy?>yi;J:l3M/>? 1 114SRtf; CCD 
>5P£5V y^UfflfcU *fe£®fes i0 2 11 
3, C, S i N, S i Cft£S»IL, Jf ETSS 1 1 5 
ttfc/^ — >ft;Lfc», £ >fI/A-TO'>y n >£x 

fW\-K7°P"7*l 16^#T^, 
[0 0 10] Ml 6 (a) \Z^ftZ>£o{Z, tc 

fn$^^12 2l:LTSfifffl^X75 : >^t, it 
70 -f Kx^5P>^ft*'JJBbT^ -7^1 2 3 Sr*JSE-rS76f 
ffi, SElete, mi 6 (b) ic^n^cfcote, 35^-/1 
-^Wcl/yX KP^PgG 1 2 4 fdX« 1 2 1 

££££0 7^ ^7°1 2 3 **fiE"TS*ffi#*«*S. 
[0011] 

[36iPi**#ftU<fc3 tnHil b^L&^b, mi 5 

* ■ * >^ a- « y p - y ± iz mmmm & &m l t s 

ME t ^ 5 «K Ttt«*tt1»tt ft 

«^ft»«a*-s^tt«Ls»cfiai'rsfc«6©E«ift» 

^*fl=ft— «CT*0#HJtT*!K »J*Sft*«ft<0 

a^^ y^oias^5fe»ft*¥a»<©jE*a:»«ft«i 

[0 0 12] fi£oT, #f£93coaMte> £Mtt£fa_h£ 

zL-y hvmm^m&mmTzzitiz&z. 

40 [0 0 13] HfC, ^BJOgJ^te, ±E»iS7&ffifCcfc 
[0 0 14] 

/hT-^r ^7 0 cog!5g77ffi^cfcntf, KI»ft»J«L,&*— * 

fa±\zmmm. i^t^f^ y7W4^Mifeg, 
■ui^e^isai^La/h^^ u/yaBftiexxsKKE^-r 
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COO 1 5] h>*;U«8KXtt« 

a 

(c) mmm^^mmm±izm^4 yjttm&ie 

(d) Mnmmz^tsm%m±<D$k'}^'( v -fum^m 

(e) mmmmmtmsm. i&wzmtzmmm tm^ 

d>&< £*>jhfi (a) - (e) coxa&w-rscit&w 

MfiJ T\ S fc HI — *« ± A L fc m & \Z \t M tt CD 

[0 0 17] BP*, *fgBJfg2te, h>^;US3tX«a 
/h**mffl«/hT--f y^fctfclJMvT^ y^»$t§ 

(b) (»lBlHI«**tr*ttJiat*E±»c«/h^>r 

(c) *frECfl«*^tr«/jNT"W y^»»±K:ffim*^ps 
*figT*««»«JE«#HSr*JS£T*xa 

(d) miE*eil*«S:lBfllftS^rttxy5 1 >^Tft]X 
f * Z. £ \z cfc 0 ilt ± *c it! EJR/hT- 4 y y°itn £.f£M 

4>&<£:*>±E (a) - (d) ©Ii**t5ud:*«p 
[0 0 18] *&, *^*«3«±IB*««»2<D^P 
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x«flEaun^a«^«/W7x«ffwa^aT**±E 
HtrE*>9 L uA—*aEffis-&«fc86©A-r7'^«ffi 

Jl/Bft«3i«i«jBI8lT*0, ±EE 
[0 0 19] H®*ffl^T*5fiMSrl¥««CRWr 

[0020] Hi tt*S201IB l ©flM^-f y 7<omm% 
[0 0 2 1 ] Hi (a) KSH^T, 

a a s *»ff»o*sa«i»^ttx^^>i/ RiiBawwe 
ioo22] i^x, as— »« i ±fc»«« 2 «»rifr 

£i±3 0 ««riTJB--*«*»»«iJl*ttxy5 1 >^K:J: 

- #fM2£xy^>;/iCcfcQ|ifc4TS. 

[0 0 2 3] *(CEI1 (b) \Z^-?£v\Z. \H}^3&^ 
M-lS±}:Iii4^Mt§, SiJ«S4tt«xa 

4 <h ft/jNx y ch co#ffi^ 6 SU HIT £ *I£r £ tt c 
[0 0 2 4] #ICHI1 (c) K^Tcfc^SC, .CD953 £^ 

40 [0 0 2 5 ] CODC^tCJ:?), STM^o-^l/Tffl 
[0 0 2 6] &\zmi (d) (C^Tct o fC, irl^6 

[0 0 2 7 ] &{CH1 (e) ^^"Ti: o Sffi 1 
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n s <> oftwfr e> ?i # a-r c t \z J: o »/Jnt ^ zf*m 

[0 0 2 8] HMIJI4. SM^f 7 7° 

y^5 78*S X y 5P > ^ftffi * iB A3 "T * C <h 

[0 0 2 9] Sfc, *389i*l KliS^T* fuIB^m-* 
Sic, ^j>5 : "l//^-ii^^^^^bT^< CitC^O. 

So 

[0 0 3 0] JEC #3rEO*-*«»^ li, 2«i£>3 

[0 0 3 1 ] Mtcte^fc. H9ieco»-SfifC E«^h 

[0 0 3 2] H9lt *^BJ^2 CJ:57'D-7a- y 
h©<*»H-C*«. *5SESI§2<0#>^W*-g!:/P- 

-f t;!/ 7 £> £ ^ fiJEffi#:a-n^;i/ y £ tt-t cofifi co|g©j 
[0033] jE«#A-r ^l^ies^*!^, #>^wk 

- 5 2 ±fcte\ EES#« 5 3a, 53b KWESrBJiJDf 
5WOiS5 4a, 5 4 b, 5 4 c /^flg £ tlT^ 
So ^©MritfCcfcOJE^*^ 2 * 

[0 0 3 4] *>fl/A-ft«Of'fy^5 0ll, 

[ 0 0 3 5] 0 9 iC^bfcct 5 2 ^^D-y 

[ 0 0 3 6] £T, y'J3> (100) ItS 5 1 (C, V 

j^bss, 5 6£/£Biu m&mm^^^m s 5 * 
ms 7^m&vtz'&, aa«iii^ttxy^ i >yfcT>'U 

=1 >8B#*i£fc!7 5 y K»tti:ry^>^LTifilHl« 



(5) 4#88^F6 - 8 4 4 5 5 

8 

5 8SMn (EI 1 0 (a) #BH) o SK® 
CO^X^S 5 5 £B$£U 5 5 €:^c 

iLfcfc »ttt»»*jaEltTT«I5 4a, h>* 
)im&tm^^ 7 7°5 3Rtf h>*;|,«S!EfllK«5 9 
3 (B10 (b) #BS) 0 EEH# 
5 3a," 53btli54b, 5 4 c £ 0 fc£>ffi»SS# 

zmfc-rz (@io (c) . »tg"iB7 

X^15 6"fcAy*Xy3 L >4? r BlP.«6 0£Jg/£U & 
ffi£>— ;H/t«, S^WS7&ttx^5 L >^fCTv'U 3 

(Ull 0 (d) #ss) . 

[0 0 3 7] Utexy3 i >y*ic«J;SJiM»jfc->u 
3>co^att5^ttx-/^>^«, y'Jn> (l l 1) 

iST?*j«ati&IHW4->U3> (111) SMtiS 

[0038] m*itmiinmmfrtt*&ntt<Dti& 
^ 2 * »j R-r s t> o -e « & ^ . 

[0 0 3 9 ] *^S2©7 p P-^ar^Htt, 2£fc 
fflcDT^ y^WSA O^ttS-T, h>*;U* 

50 i«*Ji«ffl3:r*7>:7\ w\*— K8i£ h>^;u 

[0 0 4 0] **Wt4±E«)^ r P"-^Xy 

ffl^fcSTMSi*, iBsaia, fBii^^s 

[0 0 4 1 ] 

cussw bit, *mw&nmm*m^xmM\zmw-? 

£o 

40 [0 0 4 2] ^Mgl 1 

[0 0 4 3] ST. «iI'2tLTlR»ftil*«5 0 0 0 
^>o M^T{«IIii2(7)0facOMm^, 7^h'JV^77 

<hx^/5f 1 >^^ct0 ^^->*jatUB8»WK:8 wm? 
fc»attS^ttXy5 L >^iCcfcOIHiaB3 74 
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(1 1 1) ffiTHSnfer1g^5. h°7^ 
7F^ffl3»S^tlfc (Ell (a) . 

[0 0 4 4] ^Ct««»2-e»*J»*{l:«*HF : NH 
4 F=l : 5**T£«l*SLfc. tt^T, H£B3£^ 
tr»-»*El±K:«WJi4 4:LT, Cr«S»Sl: 
i:0±S(c 9 0 0 Af&mi>fc (B 1 (b) #JH) . 

[0 0 4 5] *Cft/hf^ y^fiS hLT^M^M 

tf>JBI/Pte4. (HI (c) #HB) o 

[0 0 4 6] *CizSS6 i:lT#7 0 5 97a-y 

1. 0 Mm*ffiai»ffiK:«fcO, iI««b7th'JV 
^77^ <hXy^>^K.fc0^ — >»J*£fTofc. m 
HT, 1 ±©«t*f-f y ^ff'S iB-SIS 6 

N 2 ffH^TT^gS o ox:-? 1 PtPflftaLfc. 

dtitccto a i -Au^^mfc^n'm^^ 77W 
5^i7mifc (mi (d) mm) . 

[0 0 4 7] <t»X*«6 t&§l€*Jb 

aatrscttccfcoa/j^^ ^^*»jfiLfc (mi 

(e) #M) o 

[0 0 4 8] Jfcfc, ±JCLfc*ft|C«fcOfP«L&«/h-r 

0 //mt^ofco 
[0 0 4 9] HflSffU 2 

9MS 1 ©a/Jv^-f y Ufc. RT> Sit^rr£^:S£ 

[0 0 5 0] Sf, §112 £LTfl!iBMb«**5 0 0 0 

* ^Xu/^>^tc«fc 0A^ — >«*SU«»fl9tC 1 0 Mm 

mmzm ^&«sii*i*7Mt x y9 L >^K:<toiaw3*w 

ft*, Iy5 : >^ftH rlJS2 7%<7)KOH 

Lfc. (1 1 1) ffi-CB&tlfZM2 7. 1 ;im 

0)3!!fc?7 5 ^ Ftt<0Hffl3#»JdcSttfc (H}2 (a) # 

BS) 

[0 0 5 1 ] *C«M2T*S*»ftitHF : NH 
4 F=l : 5»8l?4i»iLt «E^T, O£10&3£^ 
^m-S«l±{CffJgi«4<hLT, Agft*ffi*#ffitC 
cfcO^rStC 7 0 0 AjBfittLfc (0 2 (b) o 

[0 0 5 2 ] ^iC»/h^^ 5iLTP t 0 . 3 

Mm, N i 5/xrm An 1 /z m*«^ fcf— cfc 



(6) #fl¥6 - 8 4 4 5 5 
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D > iiLTtiML7th l Jy^77^iX 7 7 c 

>^tcct da^— >*riE£fTofc (E2 (c) mm) • 

[0 0 5 3 ] *f:»-I8 6tLT->'ja>>JlASffl 
SU, u©SffilC»^I7tLTAlSl. 0 /im^ 
^SffifCcfcD. iBilMl7^h'JV^77^tX7 

1 ±©«/h?-f y 5 t*zS« 6 ±<0«^H 7 ch 

a^TfflJK 3 0 OtT lB?R3&fiLfco dtKC^OAl 

B^Lfc (02 (d) #JB>". 

[0 0 5 4] &fc*-*S 1 iI-SS6 ££§l#jBL 
fco ^©W, fJgtli4i:m-*«li:C0^ffiTfiJgiL 

^7j<^^^^ tr>TB±-r* c i fc.k 0 a* 5^ y 
BLfc (HI 2 (e) #Bg) „ 
[0 0 5 5 ] #cfc, iaUfc^ffitCcfcOfPRL/fca/h?- 

20 ¥S«0. 0 4wm, JSH13. 5 MmtfcoL 
[0 0 5 6] mMM3 

yp-y»tt^h>J^^Xtt»cE«U. 100 

-3 LTML«I§^)f^ 7^S EMTl*Lfct ' 

§T^7 7°(?)l^il3. 5 m m± 0 . 1 Mm, 
5tSffi$¥g«0. 0 3Atm±0. 0lMm©A5y* 

[0 0 5 7] mMM4 

[0 0 5 8] £"t\ ftflM 2 <h LTS&BKtK** 5 0 0 0 
A»«Stlfci/ U =i >^x/\£fg-~S« 1 £ LTIft 
S. itt^iT«»H2 0»fa©1ffBf&, 7th'J7^77 

40 «ft«^fci(S»lft**ttxy^>^K:J:0I!a«3 

Lit. X7f>^mi SS2 7%(OKOH* 

»**JBl^ M8 01C, X 7 f>^»2 0»tl 
fc. cOtS (111) M^tlfci$ 5 . 6 Mmco 
ififcT 7= v K«OB3«3 3J««ritanfc (B3 (a) # 

fig) . 

[0 0 5 9 ] &lC«B«2X**j»»*t«€:HF : NH 
4 F=l : 5*j*T£«|*£bfc. tt^X, BDgG 3 £^ 
tf»— *«1±IC««»4£LT, Cr^SlffiC 
cfcO£ffifC9 0 0 A«ll/t (B3 (b) #flg) e 
50 [0 0 6 0] *l:l»/h7^ 7 7 c |ffl5 chLT^^rX^^ 



(7) 
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G0j]IJpte4. OMmibfc (0 3 (c) #H8) „ 
[0 0 6 1 ] ^-SS^ffl^T^o 

l,T3&BHbB££ 1. 5 um, S^JI7 ilTA 1 £ 0 . 

>^{c£ 0 jtf^lgJI 1 0 i^^S 7 SH-fifS**^ 

Mm. 1^ 5 0 0 umtLfc. itt, 10« 70 

1/>9WLT^<, ^SSllWf 

&45«-&tt, N 2 Si^tfiS3 0 0T:T* 1 Pf^feM 
!/#»5£tt^»7a*»^bfc (H3 (d) #BS) o 

^>yi/>9*Xyf>^BiT5^i:f:«l:t)M-»?* 
S!:/n Life (H3 (e) #Rg) 0 
[0 0 6 3 ] ±Jfibfc*feK:J:DfPill/fc*/hT' 

teO. 0 3 urn, S$^10/imTiofe. 

[0 0 6 4] gyjEgj 5 
**Jfi«TttjlJfi« 4 CO* >^ L TEE«/\*< =E 

jiymmizL3&7G\zm±*im<ti>< ^^\zb>^jim 30 

[0 0 6 5] fP»Ig<!:UTttEB»:CH, *>fW\ 
[0 0 6 6 ] Sf, mn%M^m^hf3>^]yn— ifi 

— #tfto &jB-««ftfp«r*0K«iaa^* >^ 

MOS h^>vX^^ffl^^>o S«l 1 chLTN^-f 
7°, HT^ffi (10 0) , tmtn 1 ~ 2 Q • cmOy'j3 
>>)iA-Sffl^ <>7°777^i^ttitf^ 
H»fcJIl 2 * 7 0 0 0 Aj*g|U P^x^fiWtl 3* 

*SL/ty7 7-mti>TmittFT*mmitM& 1000 

ASlt^o <tH>^7glTB-ft>H>7°7 

l , t&m&zm^x i i 5 o o cco^j*t8 5^1^11 

LP^7x;H^13$Mt^) (04 (a) #HH) , ^ 
gtffcg 1 2 *iSiib, SSStt-ffclBt* 5 0 0 Af&m 
.LftfftfCL P CVDSBty'J 3 >^-f h ^ KK* 2 50 
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OOOAfiEKtS. NMOS, PMOS^M^MI 

*ffl^t»ttfttt*8 0 0 0 A^ILLOCOS (L o c 
al Oxidation S i 1 i con) 114$ 
»J«r«. y'j3>t<h7<HKS:LOCOSll4 
et^O»fK«*l»5feTSfcBI4 (b) £f#3 0 S 

*b^*ffl^*«*fcK* 3 5 o A«uy- h$£if 1 5 £ 

JBf&U MOS^Lf^lE (V t h) S3>hD-;!/f 
<57c<&b F 2 -f ^t>^^:®^<>y 0 ^T^o LPCVD 
S«Cct DPolySi£4 500 Al&BiU < >^°^ 

\Z, S®<DP o 1 y S i SSSL, ffiW:T9 5 0 °C 
3 0^ra<^7x:— ;i/S:fT^^ PolySi^^-"> 
^xyf>yW:PolySI«fl:U y-MIl 
6*»j3c-r*tH.4 (c) *#£. C^T, *>fWt 

otl^o #CfC* l/yXhS:/^-x>^b, As^ft 
>H>^7lNMOS h7>yX^^V-X, 

F 2 ^t>^^>77bPMOS h7>^X^Oy- 
X, FK>18 *^/5;T<5o -^coft, MiipCT 1 0 

0 Ot, 5m i n07r»j^L, fECVDSITB 
PSG (#□">. U>H-yy'J3>8ftl) £7 0 0 
OAMLIP^ll 9^Mt, 9 5 0°C, 2 0m 

1 n<DT~-)l$:fto tm 5 (a) 

[0 0 6 7] B5 (b) tt0 5 (a) i:B-Ii*T© 
NMOS^^>fl/A-I^^to ««tt, *>7^lx 

[0 0 6 8] ft ^IhIKSBO K5>^X^#tE» 

con h£ £lZ>*l1&. ;^-x>^LBPSGIl 

9 ty— SffiB 1 5 &ffi£:LTu>*& h*-;l/*«fiE 
T£ 0 ^y^Sfl:J;DAl-SiK*fiEML, 
-Zy^X^f >^LEI12 O^rMT^o ^tC> * 
>fM-I«(OB P S Gil 1 9 ty- hJHil 1 5 
SL05 (c) *»*. £bfC> 7 7X7CVDgIC 
TS i ONiM^ 8 0 0 SSI2 1 £»J*T 

S (0 5 (d) #B1) 0 

[0 0 6 9 ] * >^ U A— gB^Efctfr tcS®^ b S i IS 
1 1 SIJttlyf>^L5!i >^ W\*-^fifS£^>^ 
\s>-VtM\ZtZ> (0 6 (a) #bs) . 

[0070] &\z, ti y^un-zmj&'t'z&mzmm 

? %o TfSI 22i LT^*SSiCcfc D C r * 2 0 

a, au£ i o o o AU7 b^ymz^vfizmis, 

2 3<hlTZ nO^bOOO AfiKM 
Hlj< U7 ht7&t;tAu^2 0 0 0AM, 
X/V;^SltZnO$ 5 0 0 OA. 'J7h*7Si:T 
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Au£l 0 0 0 Af&mL3m(Dnmm2 2£2Jfc£EE1i 
»M 2 3 (D/U *:)\s7ffi!$,<Dtl W1— *L 
-5 (06 (b) #39) o 

[0 0 7 1 ] *>^UA-ffl^«S<h<f-^lil8Sa5 
©«aS»H*T*fc»*Cff«#»2 3CD— ffl5£Xy<^> 

si 2 i o-a$x^>yiii3 h*— 

ML, U 7 ht7SCTA 1 ^SILgSllI 2 4 

(16 (c) #ss) . ttis, S-&«N2 SBft+TJl* 
[0 0 7 2 ] *{C, *— *«1 ^^-IISl li^^lt 

□ >^>7>><hS iONSRSt5i:tf:cl:-pT*> 
[0 0 7 3] #tc, iaL&^ttfciOfMLfca/hT^ 

«:0. 0 3 /xm, BSBl 0/imT*t3fc. X, ^7>^ 
l/A-cOMMl0 0//m, fi$tt3 5 0 /zmCM 

[0074] usaw 6 
4 i «A>f yxmummm, 4 2^h>*;m±i 

•H[hIS§, 4 3ttXYZB»fflH7<A- t 4 4l^>^ 
U;t— , 4 5«7°D-7\ 4 6fitt», 4 7BXYZI 
fttfXV/*^**. u:T7'P-y4 5 £K»4 6 <h 

^J:^C7^-FA'7 XYZK»tfxV* 
?4 7 (DZ-fift&mWjL. 7'D-7*4 5 <hM*44 6 <fc© 
mmZ—T^lZfe-DT^Zo H*C, XYZMhfxV^f 
4 7®XY;£ft£K»rr*C£"£4:9tt»4 6<0 2#Ctc 
»T'SSSTMl«tf§. C<7)gaT^t3pf 4 6 h 
LTHOPG (jSmfamfrMtf 7 7 T h) S«<£>ffF^ 
I^/H7XtglnA, X*t>XU7100Axi 
0 0At«SLfci:C5, BSlttfi < fiff&JK? 

[0 0 7 5 ] HffEgjj 7 
*SMSWT ttH 9 ICS L fc J: 5 ft*** » 2 © y n - ^ 
x~* 7 h*fP«Lfc. 

[0 0 7 6] ClOiiifi^ffiSH 1 0(O»i6XSHS:ffl^^ 

[0 0 7 7 ] £T\ BlffiLfenlvU 3 > ( I 0 
0) SIS 5 lfC, VX^1 5 5. 5 6 tftSSftyU 3 
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>SCVDSCT5 0 0 A«RL, ^>fI/A-«C 
ffia"r-5ffl»JCfi@8 nmOFiMmnms 7 «r/^— x 
>yifc», *«»ffi©aft'>U3>l|)t5 5*CF 4 # 
7^^;F7-fX7f>^:cl;DX7f>^^ 8 0 
TC tcflU* U OA7mm\ZTis U n >SS 5 

55 y FffllHl»5'8*«*fiESnfc (B10 (a) # 

fig) - ' 

[0 0 7 8] «S*Hoaft*>U3>*5 5£C 

/0 F 4 ^X^ffl^^H5-rx>y^>^tCJ:0^*b, sz>* 
MyU3>«CVDffilCTScKLm T1I5 4 

^59 £&3^#£A°^-x>/f U X/ly^U >^ri 
[:J;D7 9 7?t^ 1 0 0 0 AjSERLfcfftU? h^T^ 
(0 10 (b) #BS) o 

[0 0 7 9] K»ffl#£:&Sffi«# (ZnO) A 

^f^^SMtS. SIC, HB©Et#I5 3a 
H2 fC, *lgi5 4b$M«. S3 
tC, 2I@COJflftl5 3b^Mt^)o S4C, ±* 
20 SJ1 5 4 c £^/£T3o tti54bSff±tl54c 
fiTlffi 5 4 a (h^S^ffitf St^c ZnO« 
FiRFXA'y^'J >?gI^ffil^o 9—*fv httZ n 
O, *HiS»402 tArOfi^^rSD, 0 2 r 
GDtfXEEJttel : 1, O2 +Ar^7MH 1 2 m t 
orrT*5. :WSCi0ZnO$ 1 0 0 0 0AS 

TX y f >^ LT*dct 5 (B10 

(c) #3S) o 

50 [0 0 8 0] SSIS©IftyU3>i5 6 5 

C F 4 IS X £ ffl ^ fc H 5 -f X y ^ > ^ f C J; D / ^7 X y 
?>^P»6 0*ML, *Bt^Lfc88 01C 

*xy5 L >ifr*. 

[0081] mmz. i*«©*fti/U3>i)t5 5* 

C F 4 ^fX*«^fcF7-rX5/^>^tC<fc0*«»E^ 
bX 7 ?/^l, A>f M-5 2tt5 (H10 

(d) #bs) . 

[0 0 8 2] A-f ^^^EEWfleHKftfflOiTtia** 
S«:ofc«BESr3bnA-5^ ttcfc 9 ±T7j faO^fc < , 

[0083] iia^iSCcfc t)fp»anfc^n— ^xu/ 

£ T * 0 »tt CO itS o 7c *> <Z> T cfe -3 £ o 

[0084] mmm 8 

xyhsi4ftHffl^fc«ajffla««co^Tj2E^«». 

50 [0 0 8 5] il 1 fC*^H^co*^ffi^JTCOW$g5a5lS 
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Sfi<£>6Ea*^T. *HCS^TR«t5t, ESS 

LT^^o 7 1 tttt«Eftft0fiftft#, 7 2W*<h 

ttE»JSE#*;i/^-T*^. WEB«I#7 lilt h 

cfc 0 E»tt**ffiO»**ifiS! ( S t a u f e r , A p 
pi. Phys. Letters, 51 (4), 27, 
July, 1987, p24 4#RH) $/t«Eflffl (H e 
inzelmann, Appl. Phys. Lette 
rs, Vol. 53, No. 24Dec. , 19 88. 
p 2 4 4 7#I) iC^-rsCt^BTffi^M, 

*«WJR<h'bTtt, »HI8 6 3 - 1 6 1 5 5 2^KIC 

[0 0 8 6] **«ffJfc45»SE»«ft<0ff»*ffiJ4, 
^"TS/U 3>*«OSIl:C VDSCT 1 5 0 0 AOS 

r^50A, Au^3 0 0A«l, l/y7hAZ13 
7 0 (a^X httS) effl^TT«H*7 2Rin : »l 

«l;TX7f >^t§ a ^ICLBSCctoTSO 
AZ (X^77 U U tfA- t*X- 6 -t^W7XU» 

^4iiisji-ra 0 

[0 0 8 7] 7 4teE»T^#7 f —**fi»K:jBLfc« 

«wsnfc«^sE»atft7 ltf^yys o od rate m 

EE£fflaoT5£<hTE«i«#7 1 ±tCE»-r5fc£><0E 

Bf3eiBIH*"Ciff^W-E««ffiRPllOSI17 5 iC^oTCTx. 
tf 3 V, (|50n s (OJg»«A;UX«EE*H3finrs 

EiK#7 1 3^#tt*ft*fic: um*ai*«[a>ft^«»3&«" 

itSc X- YXf-y7 6 Srffl^T. CCDjtfl^^ 
0TEft«#7 1 IltSit^blTf) d^fc: 
cfcoT««a>E»#&s*i*. it^lti^^^, 

X-YXf-y7 6 K J: <fcLTtt, RffiM 

[0 0 8 8] 77Hf^;^50 <hE»«H* 7 1 t^BB 
SE»*-^*ffllHlK, 7 8ttE»«-^ttffiEIB7 7 0*£ 



(9) »B¥6.-8 4 4 5 5 

16 

£o W^WCtt?^ 0tE»«#7 l<tS:Bf«IUI 

HfCU E&SEJ:Dfg;^ «x.«2 0 0mV©;H7 
X«BE*^>r ^^5 0 tE»afls:7 lBBJciDA*. CO 

5 0 £Tj£S*KEft«^8*fcH®K7 7 tffl^T*tUS 

n§ h>*;p«*fli mtfifMr—fm ^icawrr*- 

' Tffl* LTt*-^1£SIIeIK7 8 d <h{£ J: 0 B 

/0 [0 0 8 9 ] 7 9 tt^O — ^KS«aaiHlK"T?*-S 8 CO 

^d— ^Ka*tBiaK-7 9ttE»«*«ai3B7 70^ 

£l#ICx, zHKAIM«ISK8 0 £A«flr*t*Rflrr 
S. cncJ:0T^ 7 7°5 0 £Bft«H*7 1 tOBB^ 

[0 0 9 0] 8 1 tt h^yd7*UllElB'Ca6«». h^yi? 
^Hj[H]££8 1 tt5V ^5 0TEB«#7 1 ±£j£SET 

[0 0 9 1]' J^±05 r -^^i^[HlS§7 4, EMESln 
gI7 5, EB«§*ttJlilB7 7, t 5 — ^a«HlB7 
8. ^d — ^»3«IBIhIK7 9, x, zHEfbffifllBlK 
8 0, h7!y^*ffliaK8 1TE»S£JH0B8 

[0 0 9 2] E»W£^y hMCis^TfcL E«3£fflIII 
30 £§8 2^tSi^^#:(C^I^T^ : fIS:Oyn--yR^OiE 

[0 0 9 3] **jfi«B|CD*«ffiaft«ttE»S*««T 
ES$fcteB£O^OS«, *fctt*3Effl h > 

[0 0 9 4] HMffJ 9 

2 #7cl;ig!gT5 C chic cfc 0 y°a — y^m^m^ Lfz £ 
HI 3fttfHl 4 tc*HJ|E«iJo»aj!lffi« 
B t c /H ^ # > U / 1 - m y° □ - 7' a. n y h & U I B « « 

[0 0 9 5 ] fPB*ffitt*ifi«7 iSgHKTSS^ 
2l0Etft5 3 a, 5 3 bO/&jJg=^fr£:^;^ A >^ 
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=3> (10 0) Sfi5 1<£>J?££1 OO^m, #>^U 
A— 1 0 0 0 /im, 1 JlOZ n OCDJp££ 5 0 0 0 

[ 0 0 9 6] Zn0^1fiRFX/^7^U>^IS 

Si/XTSO, 0 2 £A r^tfXJEJtttl : 1T£>£ 0 
Z nO 5 3 ajSKKMTX O2 +A r#X£ffitt, 15m 
t o r rT*5, Z nO 5 3 b/£MP#<7X 0 2 + A r # 
XiEU lOmtor rTfeS. C <D J; 5 icTHtf) Z 
nOS 3 aC0KJE*^±S^Z nOS 3 b OjRiS^J; 9 

^(11 5 0 //m^bti^^tfco 

[ 0 0 9 7] **lfi«Ofliaffl.31g«^7 r nyi7H«* 
SE#J8 iB«T*S. ^^SE^JT^W ^ 5 0 * 2* 
TEtcffiST^ ^ t.\z J: 0 *SE#J 8 J; 0 

eft. w&wiMBtacofc. 

[0 0 9 8] 

*xX«±KE«, h7>yX37/j:<!:^tWI§iI0 

^*au *# b nfcm ^eitr 3 - <t ^^rt a—-? 

2 $ft * S 0>tt 3 mstb pjffift 7 ^ ^ x- ^ - £ ^-f 3 

Ltsatt© ttw# sns «t 5 o fc. 

[0 0 9 9] *^2©^D-yary hcOS 

[SI 2] 1 coft/hf >f y 

[0 3] *58**l^ft/hf^ ^y^^>^UA"±(c 
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[ID 4] #fgBJfg 1 <D«'h5V y^ r *ffl^fflfflia»* J 5 1 

[0 5] *58B£ffl 1 <D®'Jn5V u/^^r^^aiHlK^-? 

[0 6] *^0J^i of^/h^^ >y 7°£«^-#iJI[e!S§^ 

70 [0 7] #5893^ 1 <DWl^t<< y y^m^^m^M'?- 

[08] *JSW» 1 ©ft/jNf ^ 7 ^Sffl ^fc S T M&t 
(D — m^^Ty'Cly Z 0T&£„ 
[0 9} ^mn%$2 CD7°a— 7'i-7 h^-WS^t^ 

[010] *J8W»2©^P-yazy h©Sa*ft© 

[0 11] *^2 07°n-7'az7 N^ffl^fcWSR 

[012] **woflMt«aat«K:*w**>^uA— 

H^p-yary h&lXE»«#*«0*W»a:— E« 

[013] **iB©««fta»«ic*****>5 : wx- 

g:/n— >f:x- y 'hRC/E»«#S*Eco«KW?S:ffi©E 
[0 14] *«W<0«a«l3SS«K:*5W**>^Wt-- 

50 [015] «e*«0«/jN7->f y^OBISttOilli 
[016] fie^JOfflM^-Y y7^SSiiXS»r®E|-e* 

[^^-COf^BJ] 

1 »-S« 

2 eiui 

3 onsB 

4 fiJi«§B 

5 sm^* y -fun 

40 6 fl— S1£ 

7 g^JB 

8 ¥giy'JP>SI 

9 y'Jn>/>7>> 

I 0 M-^^^S 

II V'J 3 >S* 

l 2 gKbJf 

1 3 POjlJI 

14 LOCOS1 

1 5 y- h&fLJK 

51? 16 P o 1 y S i y— h 
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